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THERAPEUTIC MOLECULES AND METHODS - 3 

FIELD OF THE INVENTION 

5 The present invention relates generally to the treatment of diseases or conditions resulting 
fiom cellular activation, such as inflammatory or cancerous diseases or conditions In 
parhcular, the invention relates to the use of phenyl substituted cyclic derivatives to inhibit 
the cytokine or biological activity of macrophage migration inhibitory factor (MIF) and 
diseases or conditions wherein MIF cytokine or biological activity is implicated. 

BACKGROUND OF THE INVENTION 

MIF is the first identified T-cell-derived soluble lymphokine. MIF was fi,.t described as a 
-I'^le factor with the ability to modify the migration of macrophages (,). Themolecule 
15 responsible for the biological actions ascribed to MIF was identified and cloned in 1989 
(2). Imtially found to activate macrophages at inflammatory sites, it has been shown to 
possess pluripotential actions in the immune system. MIF has been shown to be expressed 
m human diseases which include inflammation, injury, ischaemia or malignancy. MIF also 
a unique relationship with glucocorticoids by overriding their anti-inflammatory 



Recent studies have indicated that monoclonal antibody antagomsm of MIF may be usefi.1 
m «,e treatment of sepsis, certain types of cancers and delayed type hypersensitivity. 
Anhbody antagonism of MIF has also been shown to have activity in adjuvant- or 
25 collagen-mduced arthritis animal models and other models of inflammatory and immune 
diseases. 

Alftough andbcKiy antagonism of MIP is one poteMia. way «, p„vide Aei^fe 
.reatoen^. anch biological n,oleou>« can b. expen^ve .„ on . cn,me«i., baai, 

30 and lUrmer. can be limited in toe way Otey are administer! <^,y by i„j„«„„) a«l do 
not readtly ,«,d ,h«naelv« ,0 f«m„i.dons for .dminiatauion by od,er m«m, eg ond 
administration. * 

Small molecule inhibitors may overcome one or more such drfSculties connected with the 
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use of biological therapeutic treatments. There exists a need, therefore, for small molecule 
inhibitors of the cytokine or biological activity of MIF. Small molecule inhibitors of the 
cytokine or biological activity of MIF would have therapeutic effects in a broad range of 
diseases, whether given alone or in combination with other therapies. 

5 

Further, glucocorticoids have been used to treat human diseases for over fifty years and are 
efFective in a range of diseases which include inflammation, injury, ischaemia or 
malignancy. Although debate continues in relation to their impact on disease progression, 
their influence on symptoms and signs of inflammation, especially in the short tenn, can be 
10 dramatic. 



15 



20 



Despite their benefits and efficacy, the use of glucocorticoids is limited by universal, 
predictable, dose-dependent toxicity. Mimicking Cushing's disease, a disease wherein the 
adrenal glands produce excess endogenous glucocorticoids, glucocorticoid treatment is 
associated with side effects including immunosuppression (resulting in increased 
susceptibility to infections), weight gain, change in body habitus, hypertension, oedema, 
diabetes meUitus. cataracts, osteoporosis, poor wound healing, thinning of the skin, 
vascular fragility, hirsutism and other features of masculinization (in females). In children,' 
growth retardation is also noted. These side effects are known as Cushingoid side effects. 

Since the side effects of glucocorticoids are dose dependent, attempts to reduce the dosage 
.requirement have been investigated, including combinaHon therapies in which 
glucocorticoids are administered with other therapeutic agents. These combination 
therapies are sometimes referred to as "steioid-sparing" therapies. However, currently 
25 available combination therapies are non-specific as the other therapeutic agents do not 
address biological events which inhibit the effectiveness of glucocorticoids. Such 
combmation therapies are also typically associated with serious side effects. 

Furthermore, glucocorticoids are incompletely effective in a number of disease settings. 
30 leading to the concept of "steroid-resistant" diseases. Agents which amplify or enhance thi 
effects of glucocorticoids would not only aDow the reduction of dose of these agents but 
may also potentially render "steroid-resistant" diseases steroid-sensitive. 
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There is a need for effective therapies which enable a reduction in the dosage level of 
glucocorticoids. There is also a need for effective treatment of "steroid-resistant" diseases. 
Preferably, such therapies or treatments would address factors which directly limit the 
effectiveness of glucocorticoids. 

5 

Therapeutic antagonism of MIF may provide "steroid-sparing" effects or be therapeutic in 
"steroid-resistant" diseases. Unlike odier pro-inflammatory molecules, such as cytokines, 
the expression and/or release of MIF can be induced by glucocorticoids (3), (4). 
Moreover, MIF is able to directly antagonize the effects of glucocorticoids. This has been 

10 shown to be the case for macrophage TNF, IL-1 p, IL-6 and IL-8 secretion (5), (6), and for 
T cell proliferation and IL-2 release (7). In vivo, MIF exerts a powerful glucocorticoid- 
antagcnist effect in models including endotoxic shock and experimental arthritis (5), (8). 
In the context of an inflammatory or other disease treated with glucocorticoids, then, MIF 
is expressed but exerts an effect which prevents the glucocorticoid inhibition of 

15 inflammation. It can therefore be proposed that therapeutic antagonism of MIF would 
remove MIF's role in inhibiting the anti-inflammatory effect of glucocorticoids, thereby 
allowing glucocorticoids to prevail. This would be the first example of true "steroid- 
sparing" therapy. In support of this hypothesis is the observation that anti-MIF antibody 
therapy reverses the effect of adrenalectomy in rat adjuvant arthritis (9). By neutralizing 

20 the natural glucocorticoid 'counter-regulator' effect of MIF, it is envisioned that with MIF 
antagonism, steroid dosages could be reduced or even eliminated in mflammatory disease, 
particularly in those diseases that are associated with the glucocorticoid resistance (10), 
(1 1). There is a need, therefore, for therapeutic antagonists of the cytokme or biological 
activity of MIF. 



25 



SUMMARY OF THE INVENTION 



Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word "comprise", and variations such as "comprises" and "comprising", will 
30 be understood to imply the inclusion of a stated integer or step or group of integers or steps 
but not the exclusion of any other integer or step or group of integeis or steps. 

In a first aspect, the present invention provides a method of inhibiting cytokine or 
biological activity of MIF comprising contacting MIF with a cytokine or biological activity 
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inhibiting effective amount of a compound of fonnula (I), or a pharaiaceutically acceptable 
salt or prodrug thereof 




(I) 



5 wherein X and X' are independently selected from -C(Rs)2-, -0-, -S-, -N(R5K or taken 
together fonn -<:(R5><:(R5K -C(R5)=N-. -N=C(R5), -N(R5)-N(R5)- or -N=Ns 

Y and Y' are independenUy selected from -CCRs)^-, -0-, -S-, -NCRsK or taken together 
form -C(R5)=C(R5)-, -C(R5)=N-. -N=C(R5), -N(R5>N(R5)- or-N=Ns 



10 



Z IS -C(R5)2-, -0-, -S- or -N(R5K or forms a covalent single or double bond between X" 
and Y', or Z together with X* or Y* fomis -C(R5)=C(R5K -C(Rs)=N.. -N<:(R5). 
-N(Rs)-N(R5)- or-N=N-; 

15 wherein when Z is -0-, -S- or -NCR^K X* and Y' are -C(Rsh; 

when X is -0-, -S- or -NCRs)-, X* is -C(ELsh; 



20 



when Y is -0-, -S- or -N(R5>, Y" is -C(R3)2; or 

X or Y togethw with the carbon atom bearing the phenyl group foim a double bond; 



R, is selected from hydrogen, Caoalkyl, C^joalkenyl, Cwoalkynyl. (A)„C(0)R« 
(A),C(S)R«, (A)„S(0)R<^ (A)„S(0)2R«, (A),OR^, (A).SR„ (A)„N(R,), (A)„C(=NR9)R,o and 
25 (A)bRM. or when X or Y together with the carbon atom bearing the phenyl group fomi a 
double bond, Rj is absent; 
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R2 and R4 are independently selected fiom hydrogen. C,.3alkyl and (A)„^„; 
5 R3 is selected from C.^alkyl, (A)^,,, (A)„aryl and (A)^ete,x,cyclyl; 

R5 is selected from hydrogen, Coalkyl, C,.«^enyl, C«oalk>nyl (A) C(0)R. 
(^CCS)K. <A)„S(0)K., <A)„S(O.K.. CA.OK. CA^K. (A^NC^s), (rC« 



10 



^ '^^"^ c^-^ky»y". OH. oc,.,^, 

OCoaB^y,. 0(AWS„. SH. SC,.,«BcyI, SC.,„ SC„«' 



15 



^fe seized ft« hjAogea. C,.»,.ttyJ. C^attenyl, C...allcy„y,. (a).„ c(0)H 

C(SX:,.,«Ikyl, C(SXi.,.alk«,yl, C(S)C..,.aIk,nyl. C(S>ar,l CfS)fA>R r,^J,^ 
S(0>C,..»ttyU S(OXC.,.3nc«,y,. S(0,C.,.aU.y„y,, s,oW ""^A t"' 



and [sugarjs; 

25 



Each Rs is independently selected from R, and NHC(=NR,5)NH2; 

Rp is selected from hydrogen and C^jalkyl; 

30 R|o is selected from Ci i^kvl NH, rjHm -« ^r,^ 

SCaalkyl- NH(Ci-3alkyl), N(C,.3alkyl)2, OH. OCjalkyl, 



SHand 



0[C(0)CH(R„)NH,J^ [a„g.rl,. SH. SC,^ SC,^^,,ancyt S^l S- 
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heterocyclyl, S[C(0)CH(R,4)NH1H. halo, N(R,5)2, C(0)R,e. CN, C(Rah, aiyl and 
heterocydyl; 

Ri2 is selected fiom OH, SH. NH2, halo, NO2, C(Rnh and CN; 

5 

Each R,3 is independently selected from hydrogen, C^alkyl, Cz-salkenyl. Cj^alkynyl and 
(A)qRi,; 

Ri4 is the characterising group of an amino acid; 

10 

Each R,s is independently selected fiom hydrogen, C^alkyl, CjalkoxyCaalkyl, aryl and 
heterocyclyl; 

R,6 is selected fiom Caalkyl. OH, C^alkoxy, aryl, aryloxy, heterocyclyl and 
15 heterocyclyloxy; 

Each R,7 is independently selected from hydiogen ^d halogen; 

A is optionally substituted methylene wherein when n > 2, any two adjacent A groups are 
20 optionally interrupted by -0-, -S- or -N(Ri3>; 

wh«e n is 0 or an integer selected fiom 1 to 20; 
m is 0 or an integer selected fiom 1 to 3; 
p is an integer selected fix>m 1 to 20; 
25 q is an integer selected fiom 1 to 10 
s is an integer selected from I to S; 
t is an integer selected fix)m 1 or 2; and 



30 



wherein each alkyl, alkenyl , alkynyl. aryl and heterocyclyl may be optionally substituted. 

In another aspect, the invention provides a method of treating, preventing or diagnosing a 
disease or condition wherein MIF cytokine or biological activity is implicated comprising 
the admmistration of a treatment, prevention or diagnostic effective amount of a compound 
of formula (I) or a pharmaceutically acceptable salt or prodrug thereof to a subject in need 



P/oper/kbin/12187S0O prov 

thereof. 



7 



In a further aspect, there is provided the use of a compound of formula (I) or a 
phamiaceutically acceptable salt or prodrug thereof in the manufacture of a medicament 
for the treatment, prevention or diagnosis of a disease or condition wherein MIF cytokine 
or biological activity is implicated. 

In particular, the invention provides a method of treating, diagnosing or preventing 
autoimmune diseases, solid or haemopoitic tumours, or chronic or acute inflammatory 
diseases, including a disease or condition selected ftom the group comprising: 

Rheumatic diseases (including but not limited to rheumatoid arthritis, osteoarthritis, 
psoriatic arthritis) spondyloarthropathies (including but not limited to ankylosing 
spondylitis, reactive arthritis, Reiter's syndrome), crystal arthropathies (including 
but not limited to gout, pseudogout. calcium pyrophosphate deposition disease). 
Lyme disease, connective tissue diseases (inchiding but not limited to systemic 
lupus erythematosus, systemic sclerosis, polymyositis, deimatomyositis, Sjfigren's 
syndrome), vasculitides (including but not limited to polyarteritis nodosa, 
Wegener's granulomatosis. Churg-Strauss syndrome), glomerulonephritis, 
inflammatory bowel disease (including but not Kmited to ulcerative colitis. Crohn's 
disease), peptic ulceration, gastritis, oesophagitis, liver disease (inchiding but not 
limited to cirrhosis, hepatitis), autoimmune diseases (including but not limited to 
diabetes mellitus, thyroiditis, myasthenia gravis, sclerosing cholangitis, primary 
biliary cirrhosis), pulmonary diseases (including but not Umited to diffuse 
interstitial lung diseases, pneumoconioses, fibrosing alveolitis, asthma, bronchitis, 
bronchiostatis, chronic obstructive pulmonary disease, adult respiratory distress 
syndrome), cancers whether primary or metastatic (including but not limited to 
colon cancer, lymphoma, lung cancer, melanoma, prostate cancer, breast cancer, 
stomach cancer, leukemia, cervical cancer and metastatic cancer), atherosclerosis 
(eg ischaemic heart disease, myocardial infarction, stroke, peripheral vascular 
disease), disorders of the hypothalamic-pituitary-adrenkl axis, brain disorder (eg 
Alzheimers, multiple sclerosis), corneal disease, iritis, iridocyclitis, cataracts, 
uveitis, sarcoidosis, diseases characterised by modified angiogenesis (eg diabetic 
retinopathy, riieumatoid arthritis, cancer), endometrial function (menstruation. 
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implantation, endometriosis), psoriasis, endotoxic (septic) shock, exotoxic (septic) 
shock, infective (true septic) shock, other complications of infection, pelvic 
inflammatory disease, transplant rejection, allergies, allergic rhinitis, bone diseases 
(eg osteoporosis, Paget's disease), atopic dermatitis, UV(B)-induced dermal cell 
5 activation (eg sunburn, skin cancer), malarial complications, diabetes mellitus, 

pain, inflammatory consequences of trauma or ischaemia, testicular dysfunctions 
and wound healing, 

comprising the administration of a treatment, diagnosis or prevention effective amount of a 
compound of Formula (I) or a phannaceutically acceptable sah or prodrug thereof to a 
1 0 subject in need thereof 

A further aspect of the invention provides for the use of a compound of Formula (I) or a 
pharmaceutically acceptable salt or prodrug thereof in the manufacture of a medicament 
for the treatment of a disease or condition as above. 

15 

A further aspect of the invention provides a pharmaceutical composition comprising a 
compound of formula (I) and a pharmaceutically acceptable carrier, diluent or excipirat. 

In another aspect, the invention provides a method of treating or preventing a disease or 
20 condition wherein MDF cytokine or biological activity is implicated comprising: 

administering to a mammal a compound of formula (I) and a second therapeutic 

agent, 

25 In another aspect, the present invention provides a method of prophylaxis or treatment of a 
disease or condition for which treatment with a glucocorticoid is indicated, said method 
comprising: 

administering to a manmial a glucocorticoid and a compound of formula (I). 

30 

In yet another aspect, the present invention provides a method of treating steroid-resistant 
diseases comprising: 



administering to a manunal a glucocorticoid and a compound of fomiula (I). 
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In a further aspect, the present invention provides a method of enhancing the effect of a 
glucocorticoid in manunals comprising administering a compound of fonnula (I) 
simultaneously, separately or sequentially with said glucocorticoid. 

5 

In yet a further aspect, the present invention provides a phannaceutical composition 
comprising a glucocorticoid and a compound of formula (I). 

In a further aspect of the invention there is provided a use of a glucocorticoid in the 
10 manufacture of a medicament for administration with a compound of foraiula (I) for the 
treatment or prophylaxis of a disease or condition for which treatment with a 
glucocorticoid is indicated. 

In yet a further aspect of the invention there is provided a use of a compound of fonnula (I) 
15 in the manufacture of a medicament for administration with a glucocorticoid for the 
treatment or prophylaxis of a disease or condition for which treatment of a glucocorticoid 
' is indicated. 

In yet a further aspect of the invention there is provided a use of a glucocorticoid and a 
20 compound of fonnula (1) in the manufecture of a medicament for the treatment or 
prophylaxis of a disease or condition for which treatment with a ghicooorticoid is 
indicated. 

The compounds of fonnula (1) or a phannaceutically acceptable salt or ptodrag thereof 
25 may also have an inhibitory effect on the tautomerase activity also associated with MIF. 
This may form a further aspect of the invention. 



In prefemed embodiments, the compounds of Fonnula (I) or a phannaceuticaUy acceptabl 
salt or prodnig thereof are used to treat or prevent a disease or condition, particularly 
30 human subject. 



e 

in a 



Certain compounds of Fonnula (I) are novel, and. these fonn a further aspect of the present 
invention. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1: graphically depicts inhibition of MIF-induced proliferation of SI 12 human 

fibroblasts by 2-(2-hydroxyethoxy)-2-(4-hydroxy-3.methylphenyI)-l,3- 
5 dioxolane (Compound 1), 

Figure 2: graphically depicts inhibition of IL-1 induced COX-2 expression by 2-(2- 
hydroxyethoxy)-2-(4-hydroxy-3-inethylphenyl)-1.3-dioxolane (Compound 1). 



10 



15 



20 



25 



Figures: graphically depicts inhibition of IL-1 induced COX-2 expression by 2-(2- 
hydroxyethoxy)-2-(4-hydroxy-3-methylphenyl)-l,3-dioxolane (Compound 1). 

Figure 4: graphically depicts inhibition of IL-1 induced COX-2 expression by 2-(2- 
hydroxyethoxy)-2-(4'-hydroxyphenyl)-l,3-dioxolane (Compound 2). 

Figures: graphically depicts inhibition of antigen-specific T-cell activation by 2-(2- 
hydroxyethoxy)-2-(4-hydroxyphenyl)-l,3-dioxolane (Compound 2). 

Figure 6: graphically depicts the enhanced effect of the glucocorticoid dexamethasone in 
the presence of 2-(2-hydroxyethoxy>2-(4-hydroxy-3-methylphenyl)-13. 
dioxolane (Compound 1). 

Figure?: graphically depicts the effects of 2-(2-hydroxyethoxy)-2.(4-hydtoxy-3. 
methylphenyl)-l,3-dioxolane (Compound 1) on cell viability and apoptosis. 

DETAILED DESCRIPTION OF THE INVENTION 



As used Jierem, the term "aUcyr refers to monovalent straight, branched or. where 
appropriate, cyclic aliphatic radicals, having 1 to 3, 1 to 6. Uo 10 or 1 to 20 caibon atoms. 
30 e.g. methyl, ethyl, n-propyl, iso-piopyl, cyclopropyl. n-butyl, sec-butyl, t-butyl and 
cyclobutyl. n-pentyl, l-methylbutyl, 2-methylbutyl, 3-methylbutyl, cyclopentyl. n-hexyl. 
1- 2- 3- or 4- methylpentyl. 1-2- or3-ethylbutyI. 1 or 2- propylpropyl or cyclohexyl. 



alkyi group may be optionaUy substituted one or more times by halo (eg chloro, fluoro 
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15 



20 



30 



- b^^o). CN. NO. CO.H. CCCanc,, C<««,. CO,NH(C,^,, C<W(, - oH 
or NH(C,.a,M)a. A p.fe.ed „p«„„a, subs«n«„, , Zr 

.0. ae.v. pa..„.e. o.. ^.^-Ir- JJ^^lLr: T I 
mo;, CN, NO2. CO2H. CQzCMalkyl, CQ2NH2. COaNHfC.^alkvn TO n ^„ 

benzyloxy. pH«„.y. ^,c,^ ^ i^^Ln T T 

.™a„.™..ai.,ett.yu™u»..p^yu^.^«,,,^^^^^^^^^ 

'^"^ — Ccb...). 

y incorporated into the compound of fonnula (I) through a 
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hyiiroxy group of the sugar moiety. 



Mus^ here„. ^ ^„ ^ ^ 

>0 gn>ups ™y be opdomUy ™tett«.ted one or „c„ (eg chtoro 2^ 

mo). CN. NO.. CQrfl. CQK:,^,. ccWH,, CO,NH(C,^y]), cO,N(,^), OH 

at least on. iweroatom indepe«te„tty sdectod O N or ^ p , 
™ pyn™d,.3l ^.y^ pi,^^^,^ ^ toy,. 

be optionally Mbstilttted one or more times bv , T ""^ 



25 



Each A is an unsubstituted methylene eroun^rH *: .. 

^ "lyicne group (-CHj-) or an optionally substituted methvlen** 

«.«erore ro™ an .ptionlylbsti:.^;^^^^ ZZ^'T^' 

^.PS appe. in ^ ^ J' _^ » A 
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to a firs, a^ec .h. pr«e„. i„v™d„„ p„vid=s a ,f ,„hibi«„g cy,oIa„, or 




(I) 



10 



wherein X and X' are independenUy selected fion, -CCRsh- -O S Mn> ^ 

Y and Y' are independently selected from -CCRsy,- -O- S wn? % 

fer™ -T'/D x-^/T. V ^ -*-W/2 , -b-, -N(R5)-, or taken together 

wherein when Z is -0-, -S- or .N(RsK X' and Y' are -CCRs)^; 
20 whenXis-0-,-S.or-.N(R5)-.X'is-C(R5)2: 
when Y is -0-, -S- or-NCRsK V is -C(Rs>2; or 

^-^»<>g«*erwiththecartH,natombearingthepheny.^upfo„„adoublebon^ 
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Ri is selected from hydrogen C, ,Aalkvi n n , ^ 

' ^'-20^"'y*» C2.2oalkenyl, C2-2oaIkvnvl (A\ rfmj> 

5 

R. and are independently selected from hydrogen, C.^alkyl and (A)^„; 
R3 is selected from C.,alkyl, (A)™R.,. (A)„3xyl and (A)J.eterocyclyl; 

10 Rs is selected from hydrogen, C, ,«aiwi n . ^ 

^ J^vuugcn, v.i.2oalkyl, C2-2oalkenyI, C2-2oalkvnvl (A\rfrt\a 

Re is sdected ftom hydioeen. C, «9ltvi r- -n. ■ « 
15 Of .lu . J- oe™, t-i^alfcyl. Cj.j«lkenyl. Cioalkynyl. OH, OC,.,oalkyl 

R? is selected ftom hydroseD Ci «9rwi r -ii. i « 
20 C(0)C,,«lkyI Cfor ,f^, (A),^t,,. C(OJH. 

MOJC,.,.alkyl. C(0)C2.,<«IIcenyl, C(0)C2.,oalkynyl, C(0>aryl aoVA) H r^r./^ 

C(OM:,.,.a«.y,. C(0,.Ci.,^eoy>. C(0)K;..„a«c„y,. C(OW cZ^;;- ^ 

asyc,.^, ccs^,^^_ c(S)c.,«ucy„y, C( 

S^Wl S(0,C..,o.,M, S(0,C..,.„.e„y, S(0),C.,.a»c.y,. S(0)^ ^VA^"' 
Eaeh R. is iiutependently selected ftom R, and NHC(=NR,5)NH,; 

30 

Rs is selected from hydrogen and C^salkyl; 



SHand 
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R„ is selected from OH, OC.^salkyl, OCjalkyl-O-Cjalkyl, 0-aryl, O-heterocyclyl, 
0[C(0)CH(R,4)NH]^, [sugark SH. SCealkyl. SCsalkyl-O-Caalkyl. S-aryl, S- 
heterocyclyl, S[C(0)CH(R,4)NH]sH. halo. N(R,sh, C(0)R,6, CN. C(Rnh, aryl and 
heterocyclyl; 

5 

Ri2 is selected from OH. SH. NH2. halo. NO2, C(R„)3 and CN; 

Each R,3 is independently selected from hydrogen. Cj^alkyl, Ca^alkenyl, Cz^lkynyl and 
(A)qRi,; 

10 

Ri4 is the characterising group of an amino acid; 

Each R,5 is independently selected from hydrogen, C^lkyl. CaalkoxyCsalkyl, aiyl and 
heterocyclyl; 

15 

R,6 is selected from C.oalkyl. OH, Cjalkoxy. aryl. aryloxy, heterocyclyl and 
heterocyclyloxy; 

Each Ri7 is independently selected &om hydrogen and halogen; 

20 

A is optionally substituted methylene wherein when n > 2, any two adjacent A groups are 
optionally interrupted by -0-, -S- or -N(Ris)-; 

where n is 0 or an integer selected fiwm 1 to 20; 
25 m is 0 or an integer selected from 1 to 3; 
p is an integer selected Srom 1 to 20; 
q is an integer selected from 1 to 10 
s is an integer selected from 1 to 5; 
t is an integer selected from 1 or 2; and 

30 

wherein each alkyl, alkenyl . alkynyl. aryl and heterocyclyl may be optionally substituted. 

In another aspect, the compound of the invention is a compound of fonnula OO. or a 
pharmaceuticaUy acc^table salt or prodrug thereof 
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(H) 



wherein X and Y are independently selected from -O-, .N(R,). and -C(R,),.; 
5 Z is -^(RjV or is a covalent bond between adjacent methylene groups; 

10 

R2 and R4 are independently selected from hydrogen, Caalkyl and (A)^,,; 
R3 is selected from C^alkyl. (A)„^„. (A)„aryl and (A)^eterocyclyl; 
15 Rs is selected from hydrogen, C,..oalkyl. Q.^oalkenyl, Q.^oalkynyl CA) aO^R. 

c/A^« '^lA^qR,,, SH, SCioalkyl, SCj-ioalkenyl, SCz-jnalkynyl 

C(S)C,.,oa,M. C(S)C.,«««ny,, C(S)C.,.a,ky„,^ C(S>a^,, c(SXAW. ,. c(S Jh. 
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10 



i-,v.;^„^XM;iNHi-H. [C(0)CH(R,4)NHL-C,.,oalkyl [aO^CRfn 

Each Rs is independently selected fix,m R, and NHC(=NR,s)NH2; 
R9 is selected from hydrogen and C.^alkyJ; 

heterocyclyl; ' C(0)R,6, ca^. c(R„),^ aryl and 

^---iectedfiomOH,SH,NH.halo.N03,C(R,,)3andCN; 

Each R,3 is independently selected fiom hvdroeen r oiu . ^ , 
(A)^..; ^'^y'' C2^enyl. C,^lky„yi and 

R.4 is the characterising group of an amino acid; 

Each R,5 is independenUy selected fiom hydrogen, C, «alkvl r ^ii. r> 

heterocyclyl; y«™gen. Cuealkyl, C,.3alkoxyC,oaIkyl, aiyl and 

Rr6 is selected from Cijalkvl OH r oit 
30 heteroo^lyloxy; ^ ^'^^^^ heterocyclyl and 

Each R., is independently selected fiom hydrogen and halogen; 



25 
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A is optionally subsSmted me«,y,e„e wherein when n > 2. »y ^.„ adjaoen. A g™„pa „ 
optionally mtemipted by -0-,-S- or -N(R,5)-; ^ y ^ 

where n is 0 or an integer selected from 1 to 20; 
5 m is 0 or an integer selected from 1 to 3; 
P is an integer selected from 1 to 20; 
q is an integer selected from 1 to 10 
s is an integer selected from 1 to 5; 
t is an integer selected &om 1 or 2; and 



10 



wh««n eaeh .Bey,, .^.y, , ^ ^ ^ ^^^^ 

to a prefcnred anbodhnent one or more of the Mowing definitions a»ly: 
15 Xis-O-.-S-.-NH-or-Cats 
yis-0-,-S-or.^«5-; 

Zfi>n»» a covalent bond between «yaoent methylene grenps; 

R, u selected iron, C,.^ c.^y^ 0^^,^,_ CHAVheterocyciy, 
(A)„OC,.^lkenyl. (A>.OC(OX:,^1. (A).OC(0)C,^kenyl (A) OCfOWl 

riCT"- 

.A^xn,r '"^^''^^ (A)„NHC(0)aryI. (A)„NH[C(0)CH(R,4)NH],-H 

'T"' CA.SO,C«a.e„y, (A,C(^C!m: 

(A;„C(0)Ci.2oalkenyl, fA)„CQ»H ^A-k nr» r« « , 

(AWONHC,.^. J W„CO.C,.^eny, 

30 (Alaoiwr- .u , <A>,C(OJN(C,.„alkyI)2. (A),C(0)NHC,.2,alkenyl, 

sdected ftom C,^lq,l. C«aBcenyl. <i,.Ikyny,. halogen. OH. OC,.,alkyI CCWI CO C 
cHa-ctensn^g gronp of a„ an,i„o acid, n i, 0 or an integer *o. , .o 20 L a is 
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R2 is hydrogen, €,.3 alkyl. OH. SH, NH2, -NO2, CF3. halo or -CN; 

5 R3 is hydrogen, C..C3alkyl. -(CH.)^„ -(CH.VOH. -(CHaVCF,. -(CH,VSH or a 5 or 
6 membered heterocyclic group, wherein m is 0 or an integer from 1 to 3; 

R4 is hydrogen, C,.3alkyl. OH. SH. NH2. NO2. CF3, halo or CN; 

10 A is unsubstituted methylene or mono-substituted methylene. 

In certain preferred forms of the invention, the compounds of Formula (II) include: 




(H) 

wherein 

15 

X is -0-, -S-, -NHs 

Yis-0-,-S-or-N(R5)-; 

20 Z forms a covalent bond between adjacent methylene groups; 

R. is C.-Caoalkyl, Cj-Czoalkenyl, C^-Cjoalkynyl. (A)„C(0)R^ -<A)„C(S)R6. -(A)„S(0)R.. 
-(A)„S(0)2R., -(A)„OR7. .(A)„SR7. -(A)„N(Rs)2. (A)„C(=NR.)R,o or (A)„R„ wher« n, R«, 
R?* Rb, R9, Rio and Rn are defined above; 

25 
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R2 is hydrogen, methyl. OH, SH. NH2, NQ^, CF3. halo or CN; 

Ra is C..3alkyl, -(CH.)^„ -(CH.VOH. -(CHO^SH or heterocyclyl where m is defined 
above; 

5 

R4 is hydrogen, methyl. OH. SH. NH2, NO2. CF3. CF3. halo or CN. 
More preferably the compounds of fomiula (II) comprise 




10 wherein 

Xis-O-orNH; 



00 



15 C..«,alkenyi.Cu2oal^yland(CH.)^,,whereR.,andnaredefinedabove; 
Z forms a covalent bond between adjacent methylene groups; 
Ri is as defined for Ri above; 

20 

R2 is hydrogen, halomethyl, OH. SH. NH^, NO2 or CN; 

25 
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R4 is hydrogen, methyl. OH, SH, NHj. NO2 or CN. 



More preferably, the compounds of Fonnula 
formula (JH) 



(I) are heterocycUc compounds having the 




wherein 



Xis-O-or-NH-; 



10 Y is -a or -N(R,8)- where R.g is defined above; 
Ri is as deiined forRj above; 



IS 



R3 is hydrogen, NH2, OH; 



R4 is hydrogen, methyl, or OH. 



cm) 



20 



In a preferred embodiment R. is selected from (A)„OR7 where n is 
defined above. 



Examples of suitable compounds may include 



0 and A and R7 are 
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Compounds of Formula (I) may be prepared using the methods depicted or described 
herein or known in the art. It will be understood that minor modifications to methods 
described herein or known in the art may be required to synthesize particular compounds 
of Formula (I). General synthetic procedures applicable to the synthesis of compounds 
may be found in standard refer^ces such as Comprehensive Organic Transformations, R. 
C. Larock, 1989, VCH Publishers and Advanced Organic Chemistry, J. March, 4th Edition 
(1992), Wiley IhtCTScience, and references therein. It will also be recognised that certain 
reactive groups may require protection and deprotection during the synthetic process. 
Suitable protecting and deprotecting methods for reactive functional groups are known in 
the ait for example in Protective Groups in Organic Synthesis, T. W. Green & P. Wutz, 
John Wiley & Son, 3"* Edition, 1999. 

Thus for certain embodiments of the invention, compounds of formula (I), where X and Y 
are -0-, X' and V are -CHj-, Z is -CH2- or forms a bond between X' and Y' and R, is alkyi, 
alkenyl, alkynyl or an optionally substituted alkylene with terminal functionality, eg 
(A)„OMe where n is between 1. and 20, may be prq)ared by the general method shown in 
Scheme 1. 




P/oper/kbni/12187900 prov 

24 



10 



Suitable starting mat^als may be commercially available or made by methods known in 
the art. Suitable conditions for this reaction include refluxing the starting material and the 
dihydroxy compound in benzene in the presence of acid. eg. tosylate. Other conditions for 
perfomiing this reaction to provide selectivity in the presence of other carbonyl groups or 
to provide conditions suitable for use in the presence of other functional groups are 
provided in Protective Groups in Organic Synthesis, l.Vf. Green & P. Wutz. John Wiley 
& Son; 3"* Edition, 1999, pages 312-329. Functionality may be introduced into the 
dioxolane group by using a substituted dihydroxy compound. 



1,3-dithiane or 1,3-dithiolane derivatives, where X and Y are -S-, X' and Y' are -CHj-, Z is 
-CH2- or forms a covalent bond between X' and Y' and R, is alkyl, alkenyl, alkynyl or an 
optionally substituted alkylene with teraiinal functionality, eg.: (A)„OMe where n is 1 to 
20, may be prepared in a similar manner as the 1.3-dioxolane derivatives in Scheme 1. 
Suitable conditions for this reaction include mixing the starting material and HS-(CH2)b- 
15 SH. where b is 2 or 3, in the presence of BFj-EtzO in dichloromethane at room 
temperature. Other conditions for performing this reaction are provided in Protective 
Groups in Organic Synthesis. T.W. Green & P. Wutz, John Wiley & Son; 3"* Edition. 
1999, pages 333-336. 

20 1 ,3-oxathiolanes. where one of X and Y is -O- and the other is -S-, X' and Y' are -CHa-. Z 
is -CH2- or fomis a covalent bond between X' and Y' and R, is alkyl, alkenyl, alkynyl or an 
optionally substituted alkylene with terminal functionality, eg.: (A)„OMe where n is 1 to 
20. may be prepared in a similar manner as the 1,3-dioxoIane derivatives in Scheme 1. 
Suitable conditions include mixing the starting material with HS-(CH2)b-OH where b is 2 

25 or 3, in dioxane, in the presence of ZnCla and AcONa at room tempeiature. Conditions for 
perfomiing this reaction are given in Protective Groups in Organic Synthesis, T.W. Green 
& P. Wutz, John Wiley & Son; 3"* Edition, 1999. at page 346. 

Compounds where X and Y are -N(R5)-. X' and Y' are -CHz-, Z is -CH2- or foims a 
30 covalent bond between X' and Y' and R, is alkyl, alkenyl, alkynyl or an optionally 
substituted alkylene with terminal functionality, eg.: (A)„OMe where n is 1 to 20, may be 
prepared as shown in Scheme 2(12): 
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Me NCH2CH2 — N Me + 

ii 



H 




N Me 



Compounds where X is .N(R5K X" and V are -CH.-. Z is -CHa- or fonns a covalent bond 
between and V. Y together with the carbon atom to which the phenyl group is attached 
5 IS a double bond and R, is absent may be prepared as shown in Schemes (13) 




HgN CH2CH2- 



-NH, 



EtOH, 90% 




Scheme 3 

When R, includes a ^Q^H or .C(S)OH group, the compounds may be iluther derivatised 
to provide ketones, thioketones. esteis. thioestei^. amides and thioamides by standard 
alkylatmg.esteri^g or amide fonning methodology. WhenR, includes a hydroxy thiol 
or ammo group, these groups may be further derivatised to provide esters, thioesters 
amides, ethers, thioethers and N-alkyl groups using standard acylating or alkylating 
methodology. Conversion of an amide to C=NH(NH3) can be achieved by aminolysis eg 
NHs/dry methanol. 
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In Other embodiments, compounds Of FonnuIaO) Where R R » i> • 
suto,.ue„, (eg by ,™.„,e„, , N-hlc^ccintaide ™ch ,s NBS) foZTh 

:r: ■ Tr; ^"^^ 
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CH2R* 

Scheme 4 



Inoft« «^od™„«. compo„ds „h«. R,. R,. R3 „. ^ cH,ha,o can be prep.™, by 
fcUowed by halog««„„,^ eg taataent wift Wonyl chloride (Scheme 5). 
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CH2CI 

Scheme 5 

Coupling of compounds wherein R,, R2, R3 or R4 is CHahalo with an alkylhalide or 
halo(CH2)aheterocyclyl in the presence of CuLi affords the corresponding compounds 
5 where the Rj, R2, R3 or R4 substituent is alkyl or where Ri or R3 are (CH2)Bheterocyclyl 
vfhete a is 1-20 in relation to Rj or 1 to 3 in relation to R3. 

Reaction of CHahalo with NH2-NH-C(=NH)-NH2 in the presence of base affords access to 
compounds wherein R, is CH2-NH-NH-C(=NH)-NH2. Alternatively, reaction of the 
10 CHahalo group with halo(CH2)pNH-NH-C(=NH)-NH2 (where p is 1 or 2). affords the 
group (CH2)pNH->}H-C(=NH)-NH2 where p is 2 or 3. 

Compounds where R3 is -OH, -MR or -CH2CN can be prepared &om the compound where 
R3 is CI as shown in Scheme 6 
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Ca(OH)2 



Ref(14) 



NHR2. 

Cu, K2CO3 in 
DMF 




OH 




CH2CN 



Scheme 6 



2 y or p„,a„,g. include, any phan„ace„«„^y accep«b,e .I,. «ter. „,v.te 

ta«^«y, a compound of Ko™„U> 0) » h.^. 1 ^ 

P-<^g » used ,„ .,s broadest sense and enc„„,pa.ses a«,se derivaBve. Z 
«.nven.d ^ u, U,e co„po™ds of «.e i„ve„«on. Such deriva^ves would Z^cZ 
^ U-ose s-aned >n U,e an. and fnolude. fo. e.an,p,e. co..pou„ds whc, a fi« 
^^.s convened an es.r. such as an ace«e. or where a ftee a„U.«. 
™w««d an an.d. Pr^dures for acy,a,ng hydroxy or ™ino 
compounds Of .he inven^n are wel, .cnown in «.e ar. and n^y .nCud. ^1^^ 
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compound wifl. a„ appropriate caAoxyBc acid. ™hydrid. or «ylchl„ride in ft. pr«enc 
of a suitable catalyst or base. 

Suiuble phannaceudcaBy acceptoWe «Us inclpde. but are no. limited to. salts of 
P^«=eu,ica.,y acceptable inor^uUc acids such as hyd^cWoric. sulphuric, pbc^horic. 
mmc carbomc boric, sultoio. and hydrob-omic acids, or salts .f pharinaceutical,; 
^^able or^c acids such as acetic, propionic, butyric, tartaric, maleic. hydroxymaleic 
fi-nc ^ Citric ..ctic mncic ghtcomc. benzoic, s^c. oxaUc. phenylacedc 
.emanesulphontc toluenesulphonic henezenes„4*onic. sa.icyc.ic suiphani,!!. Iparric 

^r°' ™ "0 valeric' 

salts indnd^ bat are not limited to. those ibrmed with phannaceutically acceptable 
.5 aZZTum"^ ^ — — and 

Ba^c mttx-gen-comaining ^ may be .partemised with such agents as lower alky. 

such as methyl. «hyl. propyl, and butyl chlorides, bromides and iodides; dialj, 
ani&tes Ida dnnethyl and diethyl sulfitte; and others. 



B «ll abo be recogmsed th« some compou«,s of fonnula Q may possess asymmeWc 
centra «.d are thereibre capable of existing h. mo. than „ne ste«oisomeric W TH. 
■nvenno. tho, also reWes to compounds in substantiaUy pure isomeric i.rm « one J 
more .s„c cenh« eg, ^eater than about 90% ee, such as abo« 95% or 97% e. or 
25 S-"*»»%ee. as well as mixtures, including racemic mixtures. m«eof sZ 

mT 'T""^ " ^ 

or by chiral resolution. ''^^"laiw, 

h. another aspect, the invenOon provides a method of treating, preventing „ . 

30 *'"-~onofa.rea.men..p,«e„«„„„,,,,^^^^ 

ol^uta © or a phannaceudcauy acceptable sal. or pr^lmg thereof to a subject ta ne«i 

to a further aspect, there is provided the use of , compound of fonnula (n .r a 
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phannaceutically acceptable salt or prodrug thereof in the manufacture of a medicament 
for the treatment, prevention or diagnosis of a disease or condition wherein MIF cytokine 
or biological activity is implicated. 

As used herein, MIF includes human or other animal MIF and derivatives and naturally 
occurring variants thereof which at least partially retain MIF cytokine or biological 
activity. Thus, the subject to be treated may be human or other animal such as a mammal. 
Non-human subjects include, but are not limited to primates, livestock animals (eg sheep, 
cows, horses, pigs, goats), domestic animals (eg dogs, cats), birds and laboratory test 
animals (eg mice rats, guinea pigs, rabbits). MIF is also expressed in plants (thus "MIF" 
may also refer to plant MIF) and where appropriate, compounds of Foraiula (Q may be 
used in botanical/agricultural ^plications such as crop control. 

Reference herein to "cytokine or biological activity" of MIF includes the cytokine or 
biological effect on cellular function via autocrine, endocrine, paracrine, cytokine, 
hormone or growth factor activity or via intracellular effects. 

In a further aspect of the invention there is provided a meftod of treating, diagnosing, or 
preventing autoimmune diseases, haemopoitic tumours or chronic or acute inflammatory 
diseases comprising administration of a treatment, diagnosis or prevention effective 
amount of a compound of formula (I), or a phannaceutically acceptable salt or prodrug 
thereof. Such diseases include: 



Rheumatic diseases (including but not limited to rheumatoid arthritis, osteoarthritis, 
psoriatic arthritis) spondyloarthropathies (mcluding but not limited to ankylosing 
spondylitis, reactive arthritis, Reiter's syndrome), crystal arthropathies including 
but not limited to gout, pseudogout, calcium pyrophosphate deposition disease), 
Lyme disease, connective tissue diseases (including but not limited to systemic 
lupus erythematosus, systemic sclerosis, polymyositis, deimatomyositis, SjSgren's 
syndrome), vascuUtides (including but not limited to polyarteritis nodosa, 
Wegener's granulomatosis, Churg^trauss syndrome), glorawulonephritis, 
inflammatory bowel disease (including but not limited to ulcerative colitis, Crohn's 
disease), peptic ulceration, gastritis, oesophagitis, liver disease (including but not 
limited to cirrhosis, hepatitis), autoimmune diseases (including but not limited to 
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hhary cirtosis). putaon^ diseases (including bu. m,. limited ,„ difluse 
mtersdttal lung dise^es. pneumoconioses, fib^sing alveoliSs. «toa. bronchitis 
b^nchiosaas. chronic obstruoHve putaonary disease. «I„1. „spiratory dish^ss 
symlron,.). c.„c«s whettier prima^- or n,«asuUc (including but not limited to 
colon cancer, Ij^phon,.. lung «mcer. n,eta„««, prosUte cancer, breast cancer 
stomach cancer, leukemic cervical c»,cer and metast^ic cancer), athero^ierosis' 
(,8 .sctaonic hear, disease ,,y,^ ^^^^^ ^^^^ 

dts^seX disorders of the hwofl^amicpi,„i^.^ ,^^.„ ^^^^^ 
Abheunets. multiple scl.n»is). corneal disease, iritis, iridocyclitis, cataracts 
• uvettn, sarcoidosis, diseases ch««=terised by modified angiog«,esis (eg diabetic' 
refoop^hy. themnatoid arfltritis. cancer), endometrial Smction (menstntation 
mtplantatton. endometriosis), psoriasis, endotoxic (septic) shock, exotoxic (septic) 
.hock, infective (t™e septic) shock, other complications of infection, pelvic 
mlIamm«ory disease, transplant rejection, allergies, allergic rhinitis, bone diseases 
(eg osteoporosis. Pagefs disease), atopic dennatitis. UV(B)-induced dermal ceU 
"Ovation (eg sunburn, skin cancer), malarial compUcations. diabetes mellitus 
mflammatory consequences of trauma or i«*a«„i., testicular dysfunctim« 
and wound healing, 

20 

A Smher aspect of tite invention pmvides for «,e use of a compound of Fonnula (1) or a 
Ph™..cally acceptable sal. or ptodrug thereof m *e manuftcure of a medicament 
for the treatment of a disease or condition as above. 

whll!"'r T ~ » — compound v^oh. 

when admmtstered accordmg .o a desited dosing „gimen, provides «.e desired MIP 
^okme mh.b,U„g or ti^aUnent or therapeutic activity, or diseaso-condition preventim, 
Dosmg may o^ a, intervals of minutes, hours, days, weeks. monti« or years o 
continuously over any one of ttese periods. A cy«*ine or biological activi.y inhibiting 
7Z 7.7""' " "^"'^ "-^'^ biological activi.^ 

wh^ch whe»„dm,ms.ered accotding to a desir«, dosing .eghnen. is sulBcien. to .fleas, 
partially attan. «,e desired titerapeutic effect, or delay ti« onset or inhibit the 
Ptogtesston of or halt or partiaUy or «Uly mvetse the m^ or progressio^ „, . p^L^r 
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disease condiUon being ,„a,ed. A prevention effective «no«„, is ™ an,o«n, of contpcund 
wh,ch when adn,inis,«d aceo«Ji„g ,0 me desired dosing regimen is sufficient to ., leas, 
parttaiiy prevent or delay th. o„s« ,f a particular disease or oondiHon. a diag™«tic 
effecnvc an,o,„,t of compound is an amoun, suffici«,t .0 bind .0 MW .0 enable detection 
5 of the MIFH:on,p„„nd contplex such that diagnosis of a disease or condition is possible. 

Suitable dosages may U. within the range of abon, O.I ng per kg of body wdgh. to I g per 
kg of body weigh, per dosage. The d«age is preferd.ly in fl» range of l^g ,„ , g p„ 
ofbody weigh.p»d„»,ge.a„chasisinthe,ang.>,f , ^u. 1 g per kg of b«Jy weight per 

10 dosage. Inonaen^n.e„,,,hod„s.geisin«»r«,geofln,gu,500n.gperkgofbody 
wetghtperdosage. I» another embodhnent. ,h. dosage is in th. .^.g. of 1 n,g.o250mg 
per kg of body wei*. per dosage, m ye, another prrfbrred emb«Hm««. *. dosage is in 
.her^g^n 100 mgper kg ofbodywei^t per dosage, such as.pt. 50 mg per kg 
of body weight per dosage. I« y« another embodin»nt fte dosage is in flte range of ,„g 

15 to Img per kg of body WHght per dosage. 

Suitable dosage amounts and dosing regiMcna can be de,«™ined by the attending 
Phystcan or veted^rian and naay depend on the desired level of i„hibi«ng activity the 

20 health and weight of the subject. 

The active ingredient may be administered in a single dose or a series of doses. While it is 

possible for the active ingredient to be admimsteredalonejt is pxeferabletop.^^^^ 
composition, prefaablyasaphannaceutical composition. 

25 

In a fitrther aspect Of flt, i„v«,.ton. ftere is provided a pham,ac=«tical composition 
compnsmg a comp«md of formula (1) tog«her wi* a phannaceuHcally accq,table carder 
diluent or excipient ' 



30 Th««>n""l.«on of such compositions is W.U known ,„„,3, .killed in the ar. ^e 
~mp<«i,ion may coatain pharmaccutically acceptable additives such as earners, diluents 

alT' «r T ^ ^" 

agents ffltaa. sohd carriers, coating agents. antiSmgal and antibacterial agents, dennal 
Penaratton agents, surftct^rts. isotonic and absorption agents and the like. ,t wiD be 
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understood that the compositions of the invention may also include other supplementary 
physiologically active agents! 

The carrier must be pharmaceutically acceptable in the sense of being compatible with the 
5 other ingredients of the composition and not injurious to the subject. Compositions 
include those suitable for oral, rectal, inhalational, nasal, transdermal, topical (including 
buccal and sublingual), vaginal or parenteral (including subcutaneous, intramuscular, 
intraspinal, intravenous and intradermal) administration. The compositions may 
conveniently be presented in unit dosage form and may be prepared by any methods well 
10 known in the art of pharmacy. Such methods include the step of bringing into association 
the active ingredient with the carrier which constitutes one or more accessory ingredients. 
In general, the compositions are prepared by uniformly and intimately bringing into 
• association the active ingredient with liquid carriers or finely divided soUd carriers or both, 
and then if necessary shaping the product. 

15 

Depending on the disease or condition to be treated, it may or may not be desirable for a 
compound of Formula (I) to cross the blood^rain barrier. Thus the compositions for use 
in the present invention may be formulated to be water or lipid soluble. 

20 Compositions of the present invention suitable for oral administration may be presented as 
discrete units such as capsules, sachets or tablets each containmg a predetermined amount 
of the active ingredient; as a powder or granules; as a sohition or a suspoision in an 
aqueous or non-aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil 
liquid emulsion. The active ingredient may also be presented as a bolus, electuary or 

25 paste. 

A tablet may be made by compression or moulding, optionally with one or more accessory 
ingredients. Compressed tablets may be prepared by compressing in a suitable machine 
the active ingredient in a fi^-flowing form such as a powder or granules, optionally mixed 
30 with a binder (eg inert diluent, preservative, disintegrant (eg. sodium starch glycolate, 
cross-linked polyvinyl pyrrolidone, cross-linked sodium carboxymethyl cellulose)) 
surface-active or dispersing agent. Moulded tablets may be made by moulding in a 
suitable machine a mixture of the powdered compound moistened with an inert liquid 
diluent. The tablets may optionally be coated or scored and may be formulated so as to 
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provide slow or controlled release of the active ingredient therein using, for example 
hydroxypropytaethyl cellulose in varying proportions to provide the desired release' 
profile. Tablets may optionally be provided with an enteric coating, to provide release in 
parts of the gut other than the stomach. 

5 

Compositions suitable for topical administration in the mouth include lozenges comprising 
the active ingredient in a flavoured base. usuaUy sucrose and acacia or tragacanth gum- 
pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin or 
. sucrose and acacia gum; and mouthwashes comprising the active ingredient in a suitable 
10 liquid carrier. 

The compomids of Fonnula (D may also be administered intranasally or via inhalation, for 
• example by atomiser, aerosol or nebuUzer means. 

15 Compositions suitable for topical administration to the skin may comprise the compounds 
dissolved or suspended in any suitable earner or base and may be in the form of lotions 
gel. creams, pastes, ointments and the like. Suitable earners include mineral oil. propylene 
glycol, polyoxyethylene. polyoxypropylene, emulsifying wax. sorbitan monostearate 
polysoxbate 60. cetyl esters wax. cetearyl alcohol. 2K«tyldodecanol. benzyl alcohol and 
water. Transdermal devices, such as patches, may also be used to administer the 
compounds of the invention. _ 



20 



Compositions for rectal administration may be presented as a suppository with a suitable 
carrrer base comprising, for example, cocoa butter, gelatin, glycerin or polyethylene 
25 glycol. 



30 



Compositions suitable for vaginal administration may be presented as pessaries, tampons, 
creams, gels, pastes, foams or spray formulations containing in addition to the active 
ingredient such carriers as are known in the art to be appropriate. 

Compositions suitable for parenteral administration include aqueous and non-aqueous 
isotonic sterile mjection solutions which may contain anti-oxidants. buffers, bactericides 
and solutes which render the composition isotonic with the blood of the intended recipient- 
and aqueous and non-aqueous sterile suspensions which may include suspending agents 
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and thickening agents. The compositions mav ♦ ^ • 

"ii»wiuons may be presented in unit-dose or mnif.- 

™ter for injecHois, idunediately prior to use Exle™~>r. • 

previously described. "•wee oi me land 

Preferred uni, dosag. co^poridons flK,s. coMatog a daily doa. „ „„i, k 
_^ -----™d«c.^.r.aapprop.ia.<^„„,_^,j;::^^^^^^ 

It should be understood that in addition tr. - • 

V . aaaition to the active ingredients particularly menfm«.H 

above, the compositions of this invention mav include 0.1, mentioned 
Wmor-„ ^* u Other agents conventional in the art 

havmg regard to the type of composition in question for exan,„l. ,1, 

administration may include such further ag^T^r 
15 flavouring agents. disintegmtingager oar i V 

.me delay agents. Suitabt s^eetri^ri^ r; 1^ 
saccharine. Suitable disintegrating agents includ! 

esiers, waxes, fetty alcohols, zein. shellac or gluten ^uit^M 
preservatives include sodium benzoate vitamin p , gluten. Suitable 

t oenzoate, vitamm E. alpha-tocopherol. ascorbic acid methvl 

rrda"rcr..^::r:""""'^^^^'"-''-^ 
:zz:i;;:;rartra:r : ^ 

«.«apeu,ica«y a=«v. age„« or - d,scre.e d„sag«. A.,«^ivaly. tt,e oftar 

f*e.„va„Uo,,. ^U..mve„tio« also relates to k..sa«,eon,bi™H™a. 
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comprising a compound of Formula m anri 

^. ^ rormuia {!) and one or more other therapeutically active 

b .ng ,.™u„^ example, of ag™. ^ eouM be usC in con,bi„«i„n a compel 

eye lophospha™.,.); antt^,^. JP"^^ 
annbod^ ^. W,di,g p„.Ms S,r. or aotab-e recepto. for b»or necro~' 

™ crlcubn 18. mKrl«to, ,7. and ^ ^^tm^ry cytokine, a, ™ay be found 

pa^o.^ „ Of n,i.o.e„.aeUvaL p!:^ 

(MAP) kinases (includine but nnt u^u^a * . H^^icin 
I going but not limited to antagonists or inhibitors of exlracellnh- 
agnal-reeulated Idnaus nmin .v.. . '=nracellular 
w ^'-'^"toal Idnases/stress-activated protein 

tanases (,NK«APK, ^ tbe p38 MAP «n,^ an, ^ J 

15 mvoive^ ■» MA, «nase^e„. aetiva«on); antagonists orinbibitorof 

^ (NP..*, signa, transduction paUiway (including but not iin^te^ I 

^Ogon^ts or inbibitors of I-KB-Mnase.- interJeukin i^eptor activated «na«. and other 
r " ~ " KF-KB-depe^ta,. ceU acdvation); .«i^odies 

and ^-stnnulatoiy molecules (including but not limited .0 ^lerapeutic agents diiect^ 
•g^ mten=e„ular adhesion molecule-,. CD40. CD.<.lig.n4 CD2g. C^^T 

25 ™ °3 =y«>ooxygenas.2 inhibi«>r^ thromboxane inhibit.,, „ 

25 hi^xyg^ase mhibitors; antibodies or other agents directed agamst leukocyte ' 

.owe', <«:c^M::rrr:\^T,""~""'"™-- 

• . .^ *** sulphasalazme, mesalazine, salicylic acid 

denvatives); ann-caucer dn.^ (inch.di„g ^ not limits .0 cytotoxic *.gs c^o,« 
30 drugs, monoclonal antibodies). cytolytic 

In another aspect, the invention provides a method of treating or preventing . 
condition wh.einMIPcyto.„eorhiologicalac.v.tyisimpH:t::^^^^^^ 
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agent. 



adn,u,is,e™g u. a ma„^ a con,pou,«. of fom.„la (1) and a second «,e,apcudc 



In apr^fe™, «nbodimen, ofUna aspec of a„ i„von«„n. to second tte^peuflc .gen. i, a 

5 glucocorticoid compound. 

to ano^eraspec, .hepresen, inv««ion p^vldes .meU.od of prophylaxis or ».an„e« of a 
d-sease or c„ndi««, for which ^ a glucocorticoid is i„d,ca,ed. said n,«hod 

compnsmg: 



10 



administering to a mammal a glucocorticoid and a compound of fomiula (1). 

^ yet another aspect, the present invention p„,vides a method of tr^ting ste«>id-.^istant 
diseases comprising: 

15 

administering to a mammal a glucocorticoid and a compo«,d of formula (1). 

^ a further aspect, the pi^ent invention provides a method of enhancing the effect of a 
glucocorticoid m mammals comprising administering a compound of formula fl) 
20 sunultaneously. separately or sequentially with said glucocorticoid. 

in yet a further aspect, the present invention pn,vides a composition comprising a 
glucocorticoid and a compound of formula (I). 

25 fa. toher ^ of ^ inv««ion U^r. is p„vid^ 3 use of a giacocorticoid in fte 
joficur. of a n-edican^n. for adnnnis„.,ion „ia, . compound of fonnula („ for fte 
.^.men, o, prophylaxis of a disease or condidon ^ .reaunen „itt, a 

glucocorticoid is indicated. 

30 ^>»"«''*-"spec.ofm.i.ven«ond»r.isp,„videdauseof.con,pou„doffo™„,aa) 
•n to manuii^are of a n,edican,en, for «toUnis..ation wi,h a glucocorticoid for to 
prophylaxis of . disease or co^liUon for „hich .ea..en. of a glucocorticoid 
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In ye. a fl«he. a^ec, of tovoMi™ U,.^ b p„vid=d . use of , gluoocortcoid and a 

5 

Of fo^uta CO. n. fte .™.„,em Of s..roid.,csis.an. diseases or condWons which L no. 
— .o ^"coco^icoids. any an>„». .f "^^^11 
10 «»b.^«on a con^^d of fbnnuia © is consider. ,ess than d. a.„n„, „Lch 
wouid h. effective in fl» ahsence of a con.p„„„d fo™,„,a «. Accordi.^.^™!:^;' 
provides a steroid-sparing therapy. mvenhon 

B. p«f<™, en,bodin,«,ts of inve„«^ „,e glucocorticoid and the compound of 
h^rsSr'^'-'^-'-'''^^-'"— 

•^.^ "disease or condiUon for which treatnaen. with a glucocorticoid is indicated" 
to asease. or conditions which are capable of being ..^.ed by administr«ion rf. 
20 g^ucocomcoid inch^g but no. ,i,ni.ed .„ autoin^une diseases. Ld or 



Rheu™«ic diseases (including bu, no. Unu,«, ,o ,*eun,atoid arthritis, osteoarthritis, 
psotuttc arihrif s) spondy,oa,«.ropathies (inCudtog but no. «n.ted an>^"^ 
pondyh^s. reactive arthritis. Keiter-s syndronre). crysta, ar«..opa*.es «Z 
bu. ^ ,un.ted to gou, pseudogout. caiciun, pyroph.ph.te d^osition disease! 
Lyme disease, collective .issue diseases (i^iiuding but not Ii,ni.«, to. systemic 
.upus eryuiematosus. systen^c sclerosis, polymyositis, dem^tomyosihs. S^" 
«. vascuHtides (including bu. po,^,,:^ 

7n^, r Chmg-Sfauss syndrome), ghmie^lonephritis 

inflammatory bowel disease (inohidin«l-«™. I- . ■Vnnns, 

diseasel i • '» "leemtive coliHs. Crohn's 

-.3e^). p^tic ulcerahon. gastritis. oesophagi«s. liver disease (meluding bu. not 
..™«d u, cinhosis. hepatitisX au«*„„™ aiseases (including L not iLt. tl 
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diabetes mellitus, thyroiditis, myasthenia gravis, sclerosing cholangitis, primary 
biliary cirrhosis), puLnonary diseases (including but not limited to difiuse 
interstitial hmg diseases, pneumoconioses, fibrosing alveolitis, asthma, bronchitis, 
bronchiostatis, diroiiic obstructive pulmonary disease, adult respiratory distress 
5 syndrome), cancers whether primary or metastatic (including but not limited to 

colon cancer, lymphoma, lung cancer, melanoma, prostate cancer, breast cancer, 
stomach cancer, leukonia, cervical cancer and metastatic cancer), atherosclerosis 
(eg ischaemic heart disease, myocardial infarction, stroke, peripheral vascular 
disease), disorders of the hypothalamic-pituitary-adrenal axis, brain disorders (eg 
10 - Alzheimers, multiple sclerosis), corneal disease, iritis, iridocyclitis, cataracts, 

uveitis, sarcoidosis, diseases characterised by modified angiogenesis (eg diabetic 
retinopathy, rheumatoid arthritis, cancer), endometrial fimction (menstruation, 
implantation, endometoiosis), psoriasis, endotoxic (septic) shock, exotoxic (septic) 
shock, infective (true septic) shock, other complications of infection, pelvic 
inflammatory disease, ti-ansplant rejection, allergies, allergic rhinitis, bone diseases 
(eg osteoporosis, Paget's disease), atopic dermatitis, UV(B)-induced dermal cell 
activation (eg sunburn, skin cancer), malarial complications, diabetes mellitus, 
pain, inflammatory consequences of trauma or ischaemia, testicular dysfunctions 
and wound healing. 



15 



20 



These diseases or conditions may also include steroid-resistant diseases or conditions 
where treatment with a glucocorticoid is indicated, but where the glucocorticoid is 
ineffective or is not as effective as racpected. 

25 The methods of the invention are preferably performed in a steroid-sparing manner. The 
term "steroid-sparing" refers to a combination therapy method that allows a reduction in 
the amount of glucocorticoid administered while still providing an effective therapy for the 
disease or condition being treated or prevented. 

30 Steroid-resistant diseases or conditions are diseases or conditions for which treatment with 
a glucocorticoid is indicated, but where the glucocorticoid is ineffective or is not as 
effective as expected. This term encompasses diseases or conditions for which the 
effective dose of glucocorticoid results in unacceptable side effects and/or toxicity. Some 
steroid-resistant diseases or conditions may require a dosage of glucocorticoid so large that 
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they are considered non-responsive anH tu^^e 

wifh „i . . therefore are not able to be successfully treated 

with glucocorticoids. Some steroid re^icta^* ^- ^wuuy treated 

Hoc. , steioid-resistant diseases or conditions may require a laree 

Gtacocorticoids are a group of steroid honn«nes. which .« .^ed to u,.. 
range of diseases or conditiom Smbhv "^'°"=^">'P'=vem a wide 

.« occuning and inch.de J^nJ^f^TT " """^"^ 

beclan-e^asone. flu^cas^T :;^rtr: '^^"^ ""'^ 
— o,on..,,„desenidea„d J^IIT 

In preferred embodiments of the fni7<».«i»» *i. 
1^ ^ • «Ks oi me mvention, the glucocorticoid used is selected 

15 prednisone, prednisolone, hydrocortisone fl»hV« u , 

preferably, the glucocorticoid is selected fi-«™ ^ • 

diseases. *"^'"«"'f»y«™lo « local i„il,n,„,ato,y 

11» ™»«s of ghcocortcoid and compound of fomula (1) are selec.«. such • 
combmation Ihey provide convlete or partial t.^B,„, """^^ "-ch *at m 

a5 condi^onforwhichagiucoconicoidisinl"!^ T' " 

fonnnl. © used in . ^I T T """""^ o-^ compound of 

30 -.»^-;irre:rzr:rort'"'"~'^- 

P«>^onof.orha,.orpar.i.,.or.^ re::::^:!::™:^,:^: T 
condition being treated Th^ o . . ™^ Progression of the disease or 

. proph.Ls rr 

-Pa..a..p.e.en.orde.a.d„ons«of.hediscaseorrd:rrn:rr: 
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intervals of minutes, hours, davs week? montKc 

fteseperiod.. or con.„„„^,y „,er ™e of 

-ngeofl Mgtol gperkgofbodyweigh. per dosage. s»ch«i.i„«,e^ge on ™g„ , 

ITol ' T'*' ■» -.-^ . 

-«.o SOO^gperkgofbcdy weig^perdosag. »oU.er e^Bodtaen, «,e dosage is in 

^0,0^ 40 dosage is in «. r».ge of , „g .. ,00 n,g per >cg of body Zg^ pi 
-h as np u. 50 n.g per ^ of body weigh, per dosage. I„ LZ 
embod^en^d^dosageisinfterangeof „g „ .«g per kg ofbody weigh, per dosag! 

.5 lwII°"^rrT " ^-^'^ ^ depend. i„ pa.,. o„ d,e n,od. of 
«to,.„s,r«.o« ^ whefter dosage is being adnUnistered in a single, daily or divided 
*»e. or a, a co.tt.««.s infusion. When adnn™s.ered o.ally. i„«venons.y 
-3n.usc„,ar,y.in».,.siona>,yori«.acavi.y(e, in..a.3r.ic„,ar. i„na«,eca,. in.ra«J:^ 
^jr. t^^y b«ween , n.g .0 ,000 n,g. prefe^b.y 1 mg .o ,00 ™g. „J . 
p^^,y,n,g.50.g.r,n,g„,o„,perdosc. When ad.i„isLd .opic^fy oT^ 

Sui«,l. dosage amonnte and dosing regimens can be detennined by U,e attendi™. 
phys.o.an or ««H„aH.n and n«y depend on fte desired .eve, of inhibilng aoUviH! 

. r ^ """^ " - -i-^a^ 

health and weight Of the subject. ^' 
glnoocor^coia and compound of fo™u,a 0) may be adminis.ered simu,.sn«>ns,y or 

descnbed above m .^ad«. to compounds of *>™„,a „, ^ oompo«,ion or 
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compositions may contain phannaceutically acceptable additives such as earners, diluents 
or excipients. These include, where appropriate, all conventional solvents, dispersion 
agents, fillers, solid carriers, coating agents, antifungal and antibacterial agents, dermal 
penetration agents, surfactants, isotonic and absorption agents and the like. It will be 
5 understood that the compositions of the invention may also include other supplementary 
physiologically active agents. 

Preferred unit dosage compositions are those contaimng a daily dose or unit, daily sub- 
dose, as herein above described, or an appropriate fiaction thereof, of tfie glucocorticoids 
10 and/or compomid of formula (1) which inihibit the cytokine or biological activity of MIF. 

The compounds of formula (I), either as flie only active agent or together with another 
active agent, eg: a glucocorticoid, may also be presented for use in veterinary 
compositions. These may be prepared by any suitable means known in the art. Examples 
15 of such compositions include those ad^ted fon 

(a) oral admimstration. external application (eg drenches including aqueous and non> 
aqueous solutions or suspensions), tablets, boluses, powders, granules, pellets for 
admixture with feedstuffe. pastes for ^plication to the tongue; 
20 (b) parenteral administration, eg subcutaneous, intramuscular or intravenous injection 
as a sterile solution or suspension; and 
(c) topical application eg creams, ointinents, gels, lotions, etc. 

By virtue of their ability to bind to or antagonize MIF, compounds of Formula (1) or salts 
25 or derivatives thereof may be used as laboratory or diagnostic or in vivo imaging reagents 
Typically, for such use the compounds would be labelled in some way. for example radio 
isotope, fluorescence or colorimetric labelling, or be chelator conjugated. In particular 
compounds of Formula (D could be used as part of an assay system for MIF or as controls 
m screens for identifying oUaer inhibitors. Those skilled in the art are familiar with such 
30 screens and could readily establish such screens using compounds of Formula (1) Those 
skilled in the art will also be familiar witii tiie use of chelate conjugated molecules for in 
Vivo diagnostic imaging. 
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Unless the context indicates otherwise, reference to any prior art in this specification is not, 
and should not be taken as, an acknowledgment or any form of suggestion that that prior 
art forms part of the conunon general knowledge in Australia. 

Those skilled in the art will appreciate that the invention described herein is susceptible to 
variations and modifications other than those specifically described. It is to be understood 
that the invention includes all such variations and modifications which fall within the spirit 
and scope. The invention also includes all of the steps, features, compositions and 
compounds referred to or indicated in this specification, individually or collectively, and 
any and all combinations of any two or more of said steps or features. 

The invention will now be described with reference to the following examples which are 
included for the purpose of illustration only and are not intended to limit the generality of 
the invention hereinbefore described. 

EXAMPLES 

Example 1: Preparation of 2-(2-hydroxyethoxy)-2-(4-hydroxy-3-inethylphenyl)-l^- 
dioxolane (Compound 1) 





OH 
Compound 1 



A mixture of 3-methyl./j.hydroxybenzaldehyde (0.5 g, 3.6 mmol), ethylene glycol (0.34 g, 
5.5 mmol) and p-sulfonic acid (0.07 g, 0.36 mmol) in toluene was heated under reflux. 
After 24 h, the reaction mixture was cooled to room temperature, TLC showed no starting 
material. The toluene was removed in vacuo and saturated solution of sodium hydrogen 



10 
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carbonate (20 ml) was added to the residue, which was then extracted with ethyl acetate (3 
X 20 ml). The organic layer was washed with water (20 ml), dried over anhydrous sodium 
sulfate and the solvent was removed in vacuo. The x^idue was then recrystallised from an 
ethyl acetate and hexane mixture to give the product as a brown solid in 24% yield. 

'H NMR (CDCI3): 2.21 (s, 3H). 3.62 (t, 2H. J = 4.5 Hz). 3.70 (t, 2H. J = 4.2 Hz). 3.81 (t, 
2H, J = 4.7 Hz), 4.42 (t, 2H. J = 4.7 Hz). 6.74 (d. IH. J = 8.4 Hz). 7.21 (d, IH, J = 8.4 Hz) 
and 7.78 (s. IH). MS: m/e 263 (ht + Na). 179 (M* - OCH2CH2OH). 147, 135. 1 18 and 
107. 

"C NMR (CDCI3): 15.7, 61.1. 63.5. 69.1. 72.4, 114.0, 120.5. 124.5. 128.4. 135.6. 159.8 
and 167.1. 



Example 2: Preparation of 2^2-hydroxyethoxy)-2-(4-hydroxyphenyI)-M.dioxolaiie 
(Compound 2) 

15 




Compound 2 



To a solution of/^hydroxybenzaldehyde (Ig. 8.18 nrniol) in anhydrous toluene (100 mL) 
20 was added ethylene glycol (0.68 mL, 12.28 mmol), pyridinium toluene sulphonate (0.2 g, 
0.88 mmol) and/^-toluene sulphonic acid monohydrate (0.16 g, 0.88 mmol). The solution 
was refluxcd overnight before concentrating the solvent to furnish an amber gum. 
Saturated sodium bicarbonate (50 mL) was then added to the reaction mixture, and 
extracted with ethyl acetate (3x 50 mL). The organic extracts were dried over magnesium 
25 sulphate, filtered, and concentrated to furnish a dark brown gum. The gum was 
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chromatographed on silica (ether/methanol. 9.5:0.5) to fiimish the title compound as a dark 
brown solid (173 mg, 9%). 

'H NMR (CDCI3): 8 7.88 (d. 2H, 2x ArCH. J8.7 Hz), 7.49 (bs. IH. phenolic hydroxyl), 
5 6.82 (d. 2H. 2x ArCH. J 8.7 Hz). 4.46, 3.84 (2x appt, 2x 2H, 2x ethoxy CH2, J^ic 4.5 Hz), 
3.74 (m, 2H, dioxolan CH2), 3.66 (appt, 2H. dioxolan CH2, JUc 4.8 Hz); 
LRMS (ESI): m/z 227 [M+H*]; CHmOs: 226.23 

Examples: Preparation of 2-(2-hydroxyettioxy)-2-(3-bromo-4-liydroxy-5- 
0 methyIpbenyI)-l,3-dioxolane (compound 3) 




Compound 3 



A mixture of compound 1 (109 mg; 0.4 mmol), Mbromosuccinamide (80 mg; 0.4 mmol) 
15 and AIBN (7.3 mg; 0.045 mmol) in dry carbon tetrachloride was refluxed for 5 hrs, TLC 
did not show any of the starting material. The reaction mixture was cooled to room 
temperature and then concentrated to dryness. The residue was dissolved in ethyl acetate (2 
X 10 mis). The clear solution was washed with distilled water (5 x 10 ml), dried over 
anhydrous Na2S04 and evaporated to dryness. This gave 47% yield. 
20 'H NMR (CDCI3): 2.32 (s, 3H), 3.65 (t, 2H, J = 4.4 Hz), 3.74 (t. 2H, J = 4.3 Hz). 3.83 (t. 
2H, J = 4.7 Hz), 4.46 (t, 2H. J = 4.8 Hz), 7.80 (s, IH) and 8.02 (s, IH). 
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BIOLOGICAL EXAMPLES 



Biological Example 1 : MIF-lnduced fibroblast proliferation. 

Methods 

5 The activity of a compound of fonnula (1) was studied in a bioassay utilising Mff-induced 
prohferation of human dennal fibroblasts. The proliferation of human fibroblasts has been 
demonstrated to be a phenomenon inducible by MIF (16). SI 12 human demial fibroblasts 
were propagated in RPMI/10% foetal calf serum (FCS). Prior to experimentation, cells 
were seeded at 10^ cells/ml in RPMFO.lo/. BSA for 18 hours. Cells were treated with 

10 recombmant human macrophage migration inhibitory factor (MIF) 50 ng/ml and/or a 
compound of the invention at a concentration of 1 nM. The compound was combined with 
MIF at time point -30 minutes, prior to adding to cell culture at time point zero. At time 
pomt zero, culture medium was replaced with KPMI/10% PCS and treatments 
administered. At time point 30 hours, cells were pulsed with 1 MCi ^-thymidine. At time 

15 pomt 48 hours, cells were harvested using a semi-automated cell harvester The 
radioactivity incorporated into DNA was detennined by liquid scintillation counting, with 
results expressed as CH] tiiymidine incorporation. 

Significant inhibition of MIF-induced proliferation was detennined by the demonstration 
20 of a significant P value (/> < 0.05) usmg the Mami-Whitney U-test. 

Results 

2-(2-hy<toxy=a,oxy)-2-C4.hydroxy.3.mea,ylphe„yl).,,3.di<>xoto= (Compound IX wten 
u«6 m 0^ „.ettod above, sig.ifican.ly i,*il,i,.d fte in6^ of SI 12 I,„n»,„ s>«^,^ 
25 prohfe^don (P < 0.05). as shown in Table 1 and Figure I. T«abnen. of cells wiU. MIF 
(*MIF) induced proliferation. bu» ftis was pr=ve„,«, by prcincubating MIF wiu, 
Compound 1 (1 nM) (+MIF +cpd 1) (*P < 0.05). 
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Table 1. 





Untreated cells 


MIF-treated cells 


MIF-treated cells + 
q>dl at 1 nM 


Mean (cpm) 


3245 


4415 


2994* 


Standard eiror 


393.1 


403.5 


410.7 


Number of 

experiments 
* i> ft n« 


9 


9 


9 



Biological Example 2: IMIF-dependent IL-1 induced fibroblast 

cyclooxygenase-2 expression. 

Methods 



The activity of the compounds of fonnula (I) were further studied in a bioassay utilising 
MIF-dependent activation of human demial fibroblasts. Sampey et al have shown that 
10 induction of the expression of cycIooxygenase-2 (COX-2) by the cytokine interleukin 1 
aL-1) is dependent upon the presence of MIF, i.e. can be prevented using specific anti- 
MBF monoclonal antibody (17). IL-l-induced COX-2 expression is therefore a MIF- 
dqiendent event. 

15 SI 12 human dermal fibroblasts were propagated in RPMl/10% foetal calf serum (FCS). 
Prior to experimentation, cells were seeded at lO' cells/ml in RPMI/0.1% BSA for 18 
hours. Cells were treated with recombinant human BL-l (0.1 ng/ml) and with compound at 
1-100 mM. AftCT 6 hours, cells were collected and intracellular COX-2 protein detemiined 
by pemieabilisation flow cytometiy, as described by Sampey et al (18). Cells 

20 pemieabilised with 0.1% saponin were sequentially labelled with a mouse anti-human 
COX-2 monoclonal antibody and with sheep-anti-mouse F(ab)2 fragment labelled with 
fluoroscein isothiocyanate. Cellular fluorescence was determined using a flow cytometer. 
At least 5000 events were counted for each reading, each of which was perfomied in 
duplicate, and the results expressed in mean fluorescence intensity (MFI) after subtraction 

25 of negative conti-ol-labelled cell fluorescence. 
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In Table 2 and Figure 2, the effect of each concentration of 2-(2-hydroxyethbxy)-2-(4- 
hydroxy-3-methyIphenyl)-l,3-dioxolane (Compound 1) was determined by subtracting the 
IL-l+compound-treated cell MFI from the IL-l-treated cell MFI, and expressed as % 
inhibition. Significant inhibition of IL-induced COX-2 expression was determined by the 
5 demonstration of a significant P value (P < 0.05) using Student's test. 

Results 

As shown in Figure 2, cells treated with Compoxmd 1 exhibited a significant reduction in 
COX-2 expression as measured by flow cytometry ( P < 0.01). Statistically significant 
inhibition of the induction of COX-2 expression by BL-l in human SI 12 fibroblast cells 
10 was demonstrated when cells were treated with Compound 1 (cpd 1) 50 (*P < 0.01). 

As shown in Table 2 and Figure 3, cells treated with 2-(2-hydroxyethoxy)-2-(4-hydroxy-3- 
methylphenyI)-l,3-dioxolane (Compound 1) exhibited a dose-dependent reduction in 
COX-2 expression as measured by flow cytometry. 



Table 2. 

Concentration of Mean % 

Compound 1 inhibition COX2 

(mM) expression Standard error Number of experiments 

0.01 10.5 9.6 4 

0.1 13.2 9.5 4 

1 15.6* 8.1 4 

10 19.5* 3.9 6 

50 3L4* 10,8 8 

*P<0.05 



In Figure 4, the effect of 2-(2-hydroxyethoxy)-2-(4-hydroxyphenyl)-l,3.dioxolane 
20 (Compound 2) is expressed as mean fluorescence intensity (MFI), after deducting the MFI 
of control-labelled cells. Significant inhibition of IL-induced COX-2 expression was 
determined by the demonstration of a significant P value (P < 0.05) using Student's test 
Significant inhibition of BL-induced COX.2 expression in human SI 12 fibroblast cells was 
. demonstrated in cells treated with Compound 2 (IL-l+cpd2) compared to cells treated with 
25 IL-1 (P<0.05). 
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Biological Example 3: MlF-dependent antigen-specific T cell 

activation. 

Methods 

The activity of compounds of formula (I) was fiirther studied in a bioassay utilising MIF- 
5 dependent activation of murine T cell activation. The activation of T lymphocytes in 
response to exposure to a recall antigen is known to be dependent on the presence of MIF, 
i.e. can be prevented using specific anti-MIF monoclonal antibody, (7). Antigen-induced 
. T cell activation is therefore a MIF-dependent phenomenon. 

10 Splenocytes were obtained by saUne flushing of spleens obtained from C57B1/6 mice 
previously immunized with methylated bovine serum albumin (mBSA, Sigma Chemical 
Co., Castle Hill, Australia). Mice were immunized on day 0 with 200 \xg mBSA emulsified 
in 0.2 ml of Freund's complete adjuvant (FCA) and injected subcutaneously into the flank 
skin. On day 7, the mice received lOO^g mBSA/0.1 ml FCA by intradermal injection at the 

15 base of the tail. Spleens were removed on day 28 after first immunisation and a single cell 
suspension was prepared in DMEM containing 5% FCS and 0.05% 2-mercaptoethanol. 1 x 
10^ cells /200nl were cultured in triplicate in the presence of mBSA (10 ng /ml) with or 
without the addition of 2-(2-hydroxyethoxy)-2-(4-hydroxyphenyl)-13.dioxolane 
(Compound 2) at a concentration of 100 nM - 10 pM. The T cell proliferation response 

20 was determined by measuring the amount of ('H] thymidine incorporation during flie final 
18 hr. The cells were harvested and radioactivity incorporation into the DNA was 
measured with a Wallac 1409 liquid scintiUation counter (Pharmacia, Turicu, Finland). 
Significant inhibition of T cell activation was determined by the demonstration of a 
significant P value (P< 0.05) using Student's test. 

25 

Results. 

Treatment of spleen cells with 2-(2-hydroxyethoxy)-2-(4-hydroxyphenyl)-l,3-dioxolane 
(Compound 2) (cpd2) resulted in a significant dose-dependent reduction in antigen-specific 
T cell activation, compared to cells exposed to mBSA without Compound 2 (P < 0.05) 
30 (Figures). 
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Biological Example 4: Combination of MIF-antagonist with 

glucocorticoid: effects on MIF-dependent IL-1 
induced fibroblast cyclooxygenase-2 
expression. 

5 A particular aspect of the biological function of MIF relates to its ability to antagonise tiie 
anti-inflammatory effects of glucocorticoids such as dexamethasone. as recently reviewed 
by Morand et al. (4). This property of MIF suggests that MIF antagonists might exert 
"steroid-sparing" effects, that is, their use in combination with glucocorticoids might 
permit the achievement of a greater therapeutic effect witii a given dose of glucocorticoids. 
10 Thus, in the presence of MIF antagonists, low doses of glucocorticoids could exert a 
therapeutic effect otherwise requiring a higher dose of glucocorticoids. As the adveree 
effects of glucocorticoids are in general dose-dependent, the abihty to reduce the 
requirement for glucocorticoids is clinically desirable. 



15 



The potential for a MDF antagonist to be "steioid-spaiing". therefore, could be 
demonstrated the observation of enhanced effectiveness of a given dose of glucocorticoids 
in the presence bf a MIF antagonist. 

Methods 

The above in vitro assay (Biological Example 2) for analysing the effect of MIF 
20 antagonists on IL-1 induced COX-2 expression was performed using 2.(2-hydroxyethoxy)- 
2-(4'.hydroxy-3'.methylphenyl).l,3.dioxolane (Compound 1) (50 mM). dexamethasone (1 
nM) or a combmation of dexamethasone (I nM) and Compound 1 (50 jiM). COX.2 
expression was expressed as the mean fluorescence intensity (MFI) as measured by flow 
cytometry, after deduction of the MFI for contrei-labeUed samples, as described by 
25 Sampey et al. (18). The resuhs are shown in Table 3 and Figure 6. 

Results 

Significant enhancement of the inhibitory effects of the glucocorticoid dexamethasone was 
determined by the demonstration of a significant P value (P < 0.05) using Shident's test, 
30 compared to the effect of dexamethasone alone. Compared to the inhibition of BL-l ' 
induced COX-2 expression achieved with 1 nM dexamethasone alone aL-I+DEX), a 
significantly greater mhibition of IL-l-induced C0X.2 expression was observed when 
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cells were treated with 1 nM dexametbasone together with Compound 1 50 nM (IL- 
1+DEX+cpdl) (P < 0.05). 



Table 3. 





control 


IL-1 


IL-1 +DEX 


IL-l+DEX+cpdl 


Mean COX-2 

expression 

(MFD 


0.7400 


49.37 


15.13 


6.013* 


Standard error 


0.4413 


2.412 


1.770 


2.906 


n 


4 


4 


4 


4 



5 



*P<0.05 

Biological Example 5: Lacic of cytotoxicity. 

A valuable characteristic of a therapeutic material is a lack of toxicity. The compounds of 
formula (I) may have low toxicity towards cells. To examine this in vitro, the ability of 2- 
10 (2-hydroxyethoxy>2-(4-hydroxy-3-methylphenyl)-l,3-dioxolane (Compound 1) to induce 
apoptosis ("programmed cell death) was investigated. A lack of cytotoxicity would be 
evidenced by the finding of eqxiivalent proportions of apoptotic and viable cells in control- 
and compound-treated cells. 

Methods 

15 To examine the cytotoxicity of compounds of formula (I), SI 12 human dermal fibroblasts 
were exposed to a therapeutic concentration (50 fiM) of Compound 1 or vehicle (control) 
and analysed apoptosis by flow cytometric analysis of aimexin V and propidium iodide 
staining, as described by Leech et al (19). Toxicity was assessed by analysis of apoptosis 
using flow cytometric detection of cell surface Annexin V binding and propidium iodide 

20 staining. At least 5000 events were analysed for each experiment. Cells positive for botti 
Annexin V and propidium iodide were designated as apoptotic and cells negative for both 
Annexin V and propidium iodide were designated as viable. Results are expressed as the 
percentage (%) of cells with each of these labels. 

Results. 

25 The results of cytotoxicity analysis are shown in Figure 7. No significant increase in 
apoptotic cell numbers, and ho significant decrease in viable cell numbers, was observed in 
cells treated with Compound 1 compared to control-treated cells. 
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